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RESEARCHMEMORANDUM

EFFECTATHIGHSUBSONICSPEEDSOF

FUSELAGEFOREBODYSTRAKESONTHESTATICSTABIIJ21Y

ANDVERTICAL-TAIL-LOADCHARACTERISTICSOFA

COMI?LE?I’EM3DELHAVINi2A DELTAWING

ByEdwardC.Pol.hsmussmdKennethP. Spreemann .

SUMMARY ,_

A wind-tunnelinvestigationathighsubsonicspeedshasbeencon-
ductedtodeterminetheeffectoffuselageforebodystrakesonthestatic
stabilityandthevertical-tail-loadcharacteristicsofan airplane-t=
configurationhavinga deltawing. ThetestsweremadeatMachnumbers
from0.69to0.92correspondingtoReynoldsnumbersfrom3.0x 106to

Thetrendof
relativelyhighly
ante,hasmadeit
operateatrather

INI’RODUCTION

slrcraftconfigurationstowardlowaspectratioor
sweptwings,in ordertoprovidethedesiredperform-
necessaryfortheseconfigurationsquiteoftento
highanglesofattack.Inaddition,thetrendtoward

.
.

4.2x 105,basedonthewingmeanaerodynamicchord,andatanglesof
attackfromapproximately-@ to24°. Thestrakesprovidedimprovements
inthedirectionalstabilitycharacteristicsofthewing-fuselagecon-
figurationwhichwerereflectedinthecharacteristicsof thecomplete
configurationintheangle-of-attackrsngewhereextremelossesindirec-
tionalstabilityquiteoftenoccur.Itwasalsofoundthatthestrakes,
,throughtheirbeneficialeffectontheting-fuselagedirectionalstability,
reducedthevertical-tailloadperunitrestoringmomentathighsingles
ofattack.Theresultsalsoindicatedthat,despitetheinherenttendency
forstrakesto producea pitch-up,acceptablepitching-momentcharacter-
isticscanbe obtainedprotidedthestrakesareproperlychosenandused
in conjunctionwitha wing-body-tsilconfigurationcharacterizedby
increasingstabilitywithincreasinglift.

.
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highfuselagemassloadingssmdlongnoseshavemadetheseconfigura-
tionssusceptibletoratherviolentmotions(seerefs.1 to 3)inwhich
extremelyhighanglesof attackcanbe encountered.Thesetrends,there-
fore,havemadethevariationofdirectionalstabiMtywithangleof
attackveryimportantand,unfortunately,largedeficienciesin static
directionalstabilitysreoftenencounteredathighanglesofattack.
Althougha portionofthisdeficiencyisassociatedwithlossesin
vertical-taileffectiveness,theincreaseinwing-fuselageinstability
withincreasingangleofattack(whichis characteristicofrathera
largenumberofconventionalconfigurations(seeref.4))playsam
importantrole.Ithasbeenshowninreference5 thatthesewing-
fuselagecharacteristicsusuallyareassociatedwiththeflowfield
inducedon thefuselageafterbodyby thewingendthatthedirectional
stability(relativeto thebodyaxis)isessentiallyindependentof
angleofattackwhentheafterbodyisremoved.~ reference6 it is
shownthatplacingtheafterbodyvolumeintwobcdiesoutboardonthe
wing(forminga three-bodyconfiguration)resultsin a wing-fuselage
configurationthathasa desirablereductionindirectionalinstability
withangleofattackandevenbecomesstableathighanglesofattack.
Althoughthistypeof configurationappearspromisingfrcnnseveralstand-
points,lessextremeconfigurationchangesarealsoofinterest,and
reference7 describesa relativelysimplemodificationwhichresultsin
desirabledirectionalstabili~characteristics.Thismodificationcon-
sistsofa narrowstrake(orflange)placedon thefuselageforebodyin
thehorizontalplaneandrunningfromthenosetothewi~ leadingedge.
Thismodificationimprovedthedirectionalstabilityathighanglesof
attackthroughitseffectonthewing-fuselageconfigurationwhich
actuallybecamestableathighanglesofattackwiththestrakeon. For
theparticularconfigurationofreference7,however,improvementsin
directionalstabilitywereaccompaniedby pitch-uptendenciesdueto the
nonlinearMft characteristicsof thesestrakes.

Thepurposeofthepresentinvestigation,therefore,is to study
theapplicationof strakesto a configurationforwhichincreasedlinearity
oflongitudinalcharacteristicsmightbe expectedwhileatthesametime
thedirectional.stabilityishnproved.Forthisreasona configuration
havinga basic45° deltawingclippedtoaspectratio3 anda lowhori-
zontaltailwasselected,sinceresultsofreference8 indicatethat
thisconfigurationhasthetypeoflongitudinalstabilitycharacteristics
(stabilityincreasingwithangleofattack)thatmightbemademore
linearby useofstrakes.Inadditiontothestabilitycharacteristics,
theeffectof strakesontheloadscarriedby theexposedverticaltail
will.alsobe presented.
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COEFFICIENTSANDSYMEOIS

3

Figure1 showsthebcdysystemofaxesusedindatareductionwith
srruwsindicatingpositivedirectionofforces,moments,md angles.The
coefficientsandsymbolsusedaredefinedasfollows:

liftcoefficient,*

CD dragcoefficient,*

%
Pitchingmomentpitching-momentcoefficient,

qsE

cl Rollingmomentrolling-momentcoefficient,
qm

%
Yawingmomentyawing-momentcoefficient,

qsb

%
Sideforceside-forcecoefficient,

qs

: CB,V vertical-tailroot-bending-momentcoefficient,
Vertical-tailroot-bendingmcment

* qsvbv

Cnjv vertical-tailyawing-momentcoefficient,
Vertical-tailyawingmoment (referencedto

qs$v
Ev/4)

CN,V

P

v

M
●

vertical-tailnormal-forcecoefficient,
Vertical-tailnormalforce

Q3J

fuselagelength

pvpdynamicpressure,~, lb/sqft

massdensi~ofair,slugs/cuf%

free-streamvelocity,ft/sec

Machnumber
A----- ---%0

.



wingarea,2.20sqft

exposedvertical-ttilarea,0.435sqft

localwingchordparalleltoplaneof

~
f

b/2
wingmeanaerodynamicchord,so

vertical-tail

wingspan,ft

meanaerodynamicchord,

exposedvertical-tailspan,0.661ft

spsmwisedistancefromplaneofmodel

angleofattack,deg

angleofsideslip,deg

aspectratioyb2/S

.

NACARML57Kl%

symmetry

c2dy>ft

ft

symmetry,ft

.

.
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Subscripts:

w

f

wing

fuselage

MODELANDAPPARATUS

A two-viewdrawingoftheccmpletemodelshowing
mentandsomeofthepertinentdimensiomisgivenin

thegeneralarrange-
figure2. Details

ofthefuselagesrepresentedinfigure3,whilethoseof thevarious
forebodystrakesarepresentedinfigure4. Thewing,whichwasmounted
on thefuselageinthemidposition,wasconstructedof aluminumandhad
snaspectratio’of3,taperratioof0.14,leading-edgesweepof45°,
andanNACA65Ao06airfoilsectionparalleltotheplaneof symuetry.
Thehorizontaltailwasconstructedofsteelcoveredwithplasticand
fiberglass,hada triangularplanformofaspectratio4, audan
NACA65AO06airfoilsectionparalleltotheplaneofsymmetry.The
verticaltail,whichwasalsoccmstructedof steelcoveredwithplastic
sndfiberglass,hadem aspectratiosndtaperratio(basedonthe
effectiveexposedplanformindicatedinfig.2) of1.02and0.46,respec-
tively,a quarter-chordsweepangleof28°,andanNACA65AO06airfoil
sectionparallelto theplaneof symmetry.Thefuselage(seefig.3)
wasconstructofaluminum,hada finenessratioof 10.~,andconsisted
ofan ogivalnose,a cylindricalcentersection,anda boattailedsfter-
bdy. Thefuselageforebdystrakeswereconstructedof0.05-inchbrass
and-thethreekn~hs and
investigated.

Themodelwastested
ure5. Withthissupport
throughapproximate-26°

&o widthsindicatedinfigure4 were

onthesting-typesupportsystemshowninfig-
systemthemodelcanbe remotelyoperated
-e rangeintheplaneof theverticalstrut.

Themodelcanbe rotated90”sothateitherangleof attackorangleof
sideslipcanbe theremotelycontrolledvsriable.Withthewingshori-
zontal,couplingscanbe usedto supportthemodelat anglesof sideslip
of -4°and4°,whilethemodelis testedthroughtheangle-of-attack
range.

Theforcesandmomentsactingonthemodelweremeasuredby means
ofa six-componentelectrical.strain-gagebalancemountedinternallyin
thefuselage,whilea three-componentelectricalstrain-gagebalance
(mountedinternallyinthefuselageatthebaseoftheverticaltail)
measuredtheforcesandmomentsactingontheverticaltail.In order
tominimizeairleakagethroughthesmallgapwhichexistedbetweenthe
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fuselageandtheverticaltailat theirjuncture,
wasutilized.Somedetailsofthesystemusedto
tailloadsarepresentedinfigure6.

TESTS

a sponge-robberseal
measurethevertical-

Thesting-supportedmodelwastestedintheLangleyhigh-speed
7-by 10-foottunnelthrougha Wch numberrangeof0.60t:0.92,which

6correspondstoa Reynoldsnumberrangefromabout3.0x 10 to4.2X 10 ,
basedonthewingmeanaerodynamicchord.Thelongitudinalcharacter-
isticswereobtainedat zerosideslipthoughanangle-of-attackrsm.ge
which,ata Machnumberof0.60,variedfromapproximately-2°to240.
At thehigherl&chnumbersthecanpleteangle-of-attackrangewasnot
obtainedduetotunnelpowerlimitations.Theeffectofangleofattack
onthelateral-anddirectional-stabilityderivativesendthevertical-
tail-loadderivativeswasobtainedby testingthemodelatanglesof
sideskl.pof+4°(bytheuseofbentcouplingsinsertedinthesting
system)throughtheangle-of-attackrange.Thistechniqueofobtaining
derivativesrequires,ofcourse,theassumptionthattheforcesand
momentsvarylinearlywithsideslipangle.Inordertodeterminethe
degreeoflinearityandeffectsofhighersideslipangles,a limited
numberoftestswereobtainedby rotatingthemodel90°andtesting
througha rangeofsideslipanglesata constantangleofattack.

CORRECTIONS

Jet-boundarycorrections
accordancewithreference9.
lateralforce,yawingmcznent,

totheangleofattackwereappliedin
Thecorrectionstothepitchingmoment,
androllingmomentwerenegligibleand

thereforewere~ota~plied.‘Pastexperi&cehasindicat;d&at tare
valuesshouldbe verysmall,amd,therefore,no tareswereapplled.
Blockagecorrectionswereappliedto thedatabythemethodoutlined
inreference10.

Theangleofattackandangleofsides~phavebeencorrectedfor
deflectionofthestingsupportandbalancesystemunderload.No attempt
hasbeenmadeto correctthedataforaeroelasticdistortionofthemcdel.
Inordertoprovidesufficientinstrumentationforthetail-loadmeasure-
ments,thefuselagebase-pressuremeasurementswereo~ttedand>there-
fore,thedragresultshavenotbeencorrectedtotheconditionoffree-
streempressureatthefuselagebase.
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lNZSULTS.ANQDISCUSSION

PresentationofResults

7

Thebasiclongitudinaldataandthelateralstabilityparameters
(basedon*h”sideslip)arepresentedinfigures7 and8 forseveral
Machnumbersandconfiguratims.Figures9 and10presenttheeffect
ofstrakescmthevariationoftheaerodynamiccharacteristicswith
sideslipangle,whereasfiguresU_snd12presentthevariationofthe
vertical-tail-loadcharacteristicswithangleofattackforseveralMach
numbersandconfigurations.Itwillbenotedthroughoutthefigures
thatcompletedataforallofthestrakesshownin figure4 arenotpre-
sented.Sincethemainpurposeofthisinvestigationwastodetermine
thedirectionalstabilityandvertical-tail-loadcharacteristicsfora
strakeconfigurationwhichhadacceptablelo@tudinalstabilitychar-
acteristics,itwasdecidedtominimizethetunneltestingtimeby
determiningthelongitudinalstabilitycharacteristicsforthecomplete
modelwitheachofthestrakesata Machnumberof0.60andto limitall.
otherteststothemostpromisingstrskes.

Theeffect
characteristics

LongitudinalStability

ofthefuselageforebcdystrakesonthelongitudinal
srepresentedinfigure7 forvariousmodelconfigura-

tions. Figure7(a)presentstheliftcoefficientas a functionofangle
ofattackforthefuselagealone>thetiu-fuselagec~binatio%andthe
complete-modelconfiguration.Ingeneral,theadditionoffuselagefore-
bodystrakeshadsmaU effectsthroughouttheangle-of-attackrangeexcept
forthelargeststrakeatthehigherangles.However,duetotherather
lsrgemomentarmsinvoIvedSq~te sizeableeffectson pit~w-m~nt
characteristicsareindicated(seefig.7(b)).Asmentionedpreciously,
thecompleterangeof strakesizeswereinvestigatedonlyforthe
canplete-moddconfigurationat a hkh numberof0.60.l?romtheseresults
itwillbe notedthatthelargeststrakeproducedan extremelyundesirable
“pitch-up’!attherelativelylowsngleofattackof8°. Thisisappar-
entlyassociated,forthemostpart,withthenonlinearMft variation
whichcharacterizeslow-aspect-ratioliftingsurfacessndwhichisaccen-
tuatedby thenonlinearvariationofbody-inducedupwash.Inanattempt
to alleviatethissituation,severalreductionsin strakesizewereinves-
tigatedsndfromtheresultsthe14.38-by On-inch andthe14.38-by
0.25-inchstrakeswereselectedforfurtherstudy.Theeffectofthese
twostrakesonthecharacteristicsoftheccmplete-modelconfiguration
werestudiedatMachnumbersupto 0.92.Althoughtherestillis con-
siderablepitching-mc=ntnonline=ity~w~ch on= actual~rcraftcon-
figuratimmightrequiresanetailoringwithreg=d to “wingfixes”and
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horizontal-tailgeometryandlocation,itisfeltthat
0.50-inchand14.38-by 0.25-inchstrakescoverfairly

NACARM L57K15a

the14.38-by
welltherange

ofsizeswhichforthisconfigurationprovidereasonablelongitudinal
stabilitycharacteristicsandthereforewarrantstudyoftheireffects
onthedirectionalstabilityandvertical-tail-loadcharacteristics.

lkcauseoftheangle-of-attacklimitationsatthehigherMachnum-
bers,thesestrakeswereselectedfromthelowMachn~ber resultsand
althoughtheindicationsarethatthestrakeeffectsarerelatively
independentofWch nuuiberitwouldbe desirabletomakefurtherstudies.
It shouldalsobe keptinmindthattheseresultswereobtainedatrela-
tivelylowReynoldsnumbersamdthattheremaybe somescaleeffect.

Inordertoprovideinformationonpossiblewinginterference
effectsanddownwashchangesthe14.38-by 0.50-inchstrakewasalso
testedonthefuselagealoneandonthewing-fuselagecombination,and
theresultsareincludedinfigure7. Asmentionedpreviously,the
fuselagebasepressurewasnotmeasuredand,therefore,itwasnotpos-
sibletocorrectthedragto theconditionoffree-streamstaticpressure
atthebase. It isfelt,however,thattherelativeeffectsofthe
strakesonthedragarevalidandthereforethedragresultsforthe
ccmpleteconfigurationarepresentedinfigure7(c).Theresultsin&l.-
catethatthestrakeshada negligibleeffectonthedragbelowlift
coefficientsofabout0.7andthatabovethisliftcoefficientthey
usuallydecreasedthedragfora givenliftcoefficient.Thisresult
is substantiatedinreference7, wherethedraghasbeencorrectedfor
basepressure.

LateralStability

Theeffectsofthefuselageforebodystrakesonthelateralstability
characteristics(obtainedfromtestsat sideslipanglesof+4°)ofthe
fuselage,thewing-fuselageconfiguration,andthecompleteconfiguration
arepresentedinfigure8 asa functionofam.gleofattack.Thefollowing
discussionwillbebasedontheresultsobtainedat M = 0.60andO.80
sincetheangle-of-attackrangeisImgestfortheseMachnumbers.For
thefuselage-aloneconfiguration,theresultsindicateanextremelylarge
effectofthestrakesonthedirectionalstabilityparsneter,~p, above
anangleofattackofabout13°,withthefuselagebecomingneutrtiy
stableatabout18°andexhibitinga ratherlargedegreeofpositive
directionalstabilityatthehighestanglesofattacktested.Withthe
wingon,thefavo?%bleeffectofthestrakesondirectionalstability
ismanifestedata somewhatlowerangleofattack,duepossiblytothe
~ illdUCedupwash.However,atthehigheranglesofattacktheeffect
ofthestrakeis considerablylesswiththewingonthanwiththewing
off. Inasmuchasthestrakesappeartohavea ratherpronouncedeffect
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on thespanloaddistributionof thewing}
theeffectivedihedralpsrameterC7P,the

9

asindicatedby thechangein
reductionin strakecontribu-

tiontodirectionalstabilitymaybe associatedwithwinginterference
on thefuselageafterbody.(Seeref.5.) Omtheright-handportionof
figure8 theeffectofthestrskesonthecomplete-modelcharacteristics
is shown,anditwillbe notedthatingeneraltheexpectedadverse
effectof thestrakeontheverticaltailisrelativelysmallandthe
overallresultsreflectthefavorableeffectonthewing-bodyconfigura-
tion. Itwillbenotedthatthestrakeshaveratherlargeeffectson
theparametersCz

B
and Cy , andtheseeffectsmustbe consideredwhen

P
predictingtheflyingqualitiesofa configuration.

In ordertogainsomeinsightas totherangeof sideslipanglesfor
whichthedirectionalstabilityparameterreflectsthedirectionalsta-
bilitycharacteristics,resultsovera sidesliprangeme presentedfor
an singleofattackof15°infigure9. ‘I!heresultsindicateno serious
nonlinearitiesforanglesofsidesllplessthanabout11O.

In ordertodeterminethecontributionofeachstrs.ke,testson the
fuselagealonewererunwithonestrakeremovedandtheresultssrepre-
sentedinfigure10wheretheyarecomparedwiththe’resultsobtained
withbothstrakessmdwithno strakes.me resflts~th onestrakein~-
catea ratherlargeyawingmomentandsideforceat zerosideslip.At
zerosidesliptherelationshipbetweenthesideforceandyawingmoment
indicatesthattheforceisprobablyconcentratedin theregionof the
strakeandthedirectimof theforceindicatesa lowerpressureonthe
sideoppositethatcontainingthestrake.Itthereforeappearsthatat
zerosideslipthestrskeisactingasa spoiler.Thevaluesat zero
sideslipare,of course,eliminatedwhentheotherstrakeisaddedand,
withmutualinterferenceneglected,itis thevariationofyawingmoment
withsideslipforeachstrakewhichdeterminestheeffectof thestiskes
onthestabili@.InthemoderatesideslAprange(+50),itappesrsthat
thestrakeonthewindwardsidehasthegreatereffectsinceitsslope
hasthegreaterdeviationfromthe“nostrake”slope.As themodelis
sideslippedtohighersnglestheforcesno lcmgerappeartobe concen-
tratedin theregionof thestrakeandtheeffectsappeartobe more
complicated.Forexample,at anangleof sides~pof ~“ withthestrs.ke
on thewindwardsidethestrakehasnegligibleeffectontheyawing
mcxnentbutcontributesa ratherlargepositiveincrementtotheside
force.lt thereforeappesrsthat,in thesides~ppedconditionat least)
thestrakehasconsiderableeffecton otherportionsofthefuselageend
fuselagepressure-distributionmeasurementswouldbe desirableintracing
theseeffects.
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Vertical’TailLoads .

Thenormal-force,yawing-moment,endbending-momentcharacteristics
duetosideslipasmeasuredontheexposedpaneloftheverticaltailare v
presentedinfigureH asa functionofangleofattackforseveralMach
numbers.Aswouldbe expectedfromthemeasuredtail_contributionto
directionalstabili~(seefig.8)thevertical-tailnormal-forcecoef-
ficientperunitsideslipangle ()CNBV

decreasesratherrapidlyat the

higheranglesofattack.Thisde&easeisassociatedtoa largeextent
withthesidewashinducedatthetailby thefuselageforebodyseparation
vorticesandisdiscussedinscmedetailinreference11. Aboveanangle
ofattackofabout18°it canbe seenthattheadditionofthefuselage
forebodystrakesreducedthevertical-tailnormalforce.A reductionin
vertical-tailloadperunitsideslipfora configurationwhichisdirec-
tionallyunstablewiththeverticaltailoffdoesnotimplythatthetail
loadsencounteredwillbe less.Infactthetailhad encounteredis
usuallygreaterforsucha configurationsincethelargersideslipangle
requiredtoproducea restoringmomentsufficienttocounteracta given
displacementresultsinenincreaseintheusuallyunstablewing-fuselage
yatingmomentwhichmustalsobe overcomeby theverticaltail.A
decreaseintheunstablewing-fuselageyawingmomentwill,fora constant
valueof tail load perunitsideslip,resultina decreaseinthetail

CN,vloadperunitrestoringmoment—. Inaddition,fora tiablewlng-
%

fuselagecombination,a reductioninthetailloadperunitsideslipwill
.

resultinfurtherdecreasesinvertical-tailloadperunitrestoring
moment.Fortunately,theadditionof thestrakesaccomplishesbothof *
thesedesirableeffectsathighanglesofattack,thatis,itresultsin

()
a positive Cn$@

enda decreasein
()%p v“ It thereforeappears

thatadditionofthestrakestillresultinanappreciablereductionin
thevertical-tailloadperunityawingmoment.‘I’hisisillustratedin
figure12wherethevertical-tailnormalforceperunitrestoringmoment
c-
m isplottedasa functionof@e ofattackforthecompletecon-Cn
figurationbothwithandwithoutthefuselagestrakes.Withoutthefuse-
lagestrakes,thevertical-tailnormalforceincreasesrapidlyabovean
emgleofattackofabout15°. At emangleofattackof22°a maximum
value,ofapproximatelythreetimesthelowangle-of-attackvalue,was
reachedandabovethisanglea rapiddecreaseoccurred.Withthefore-
bodystrakesinstalled,onlya slightincreasein tailloadoccursand
themaximumloadencounteredwiththestrakesisonly40percentofthat
encounteredwithoutthestrakes.

-.-.—, ------ “
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CONCLUDINGREMARKS

u

An investigationathighsubsonicspeedsof thestaticlongitudinal
andlateralstabilitycharacteristicsofa completemcdelhavinga delta
wingindicatidthattheadditionoffuselageforebdystrakesimproved
thedirectionalstabilitycharacteristicsathighanglesofattack.The
resultsindicatedthat,despitetheinherenttendencyforstrskestopro-
ducea pitch-up,acceptablepitching-momentcharacteristicscanbe
obtainedprovidedthestrakesareproperlychosenandusedin conjunction
withawing-bdy-tailconfigurationcharacterizedbyincreasingstability
withincreasinglift.Withregardtodirectionalstability,theaddition
ofthestrakesresultedina reductionin thewing-fuselageinstability
atmoderateanglesofattackandresultedinpositivedirectionalsta-
bilityathighanglesofattack.Thisimprovementwasalsoreflected
in thecharackisticsoftheccmpleteconfigurationsuchthatthedirec-
tionalstabilityathighanglesofattackwasconsiderablyimproved.h
addition,theloadscarriedby theexposedverticaltailweremeasured
anditwasfoundthattheadditionofthestrakes,throughtheirfavorable
effectonthewing-fuselagedirectionalstability,resultedina consider-
ablereductioninthevertical-tailnormalforceperunitrestoring
moment.

. LangleyAeronautical.Laboratory,
NationalAdvisoryCcuumitteeforAeronautics,

-eyFiem, Vs.,October28,1957.
0
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